Introduction {#S0001}
============

Parkinson's disease (PD) is a neurodegenerative, progressively worsening disorder. In the advanced stages of the disease (advanced Parkinson's disease, APD), besides the inevitable motor complications, a number of nonmotor symptoms reduce the quality of life and limit the therapeutic possibilities. As the disease progresses, the efficacy of traditional per oral as well as transdermal medication is gradually decreased and becomes unpredictable. Motor complications resulting from uneven drug absorption, narrowed therapeutic window, and drug level fluctuations severely impair the lives of patients, ultimately leading to a drastic deterioration in the quality of life, ability to work, and self-reliance.[@CIT0001] Traditionally, the staging of the disease has mainly followed motor symptoms (topography and severity of motor signs). Similarly, the efficacy and inefficiency of the different therapeutic options (including device aided) were evaluated and interpreted based on motor symptoms. This relatively "simplistic" approach fails to describe the multidimensional, complex, and constantly changing spectrum of PD symptoms (both motor and nonmotor). The lack of proper definitions and criteria delays applying therapeutic strategies and/or device-aided therapies (DAT) for eligible APD patients.[@CIT0002]

In the later years, there have been a large number of articles/expert recommendations trying to offer practical ways for PD staging.[@CIT0001]--[@CIT0005] The biggest challenge seems to be the definition of the optimal moment in the evolution of APD, when initiating advanced phase therapies -- device-related treatment strategies using pump-based continuous drug delivery (CDD) aiming continuous dopaminergic stimulation (CDS) or deep brain stimulation (DBS) -- that may provide maximum benefits by continuous compensation for the disease-related striatal dopaminergic denervation.[@CIT0006]

There is insufficient data in the literature regarding the real-life, daily clinical practice evaluation of APD patients. We do not know for sure the upper limits of dopaminergic medication, especially levodopa (LD) dosage, and how these are influenced by the various adjuvant (add-on) therapies available. We also have little data on the spectrum of different motor and nonmotor complications and of course the proportions of patients considered being eligible for DAT in tertiary centers with a high patient turnover. Partial data from the experience of 6 years of our center, regarding the limits of treatment with levodopa (LD) respectively the last dopaminergic medication before establishing the indication for DAT have been presented previously.[@CIT0007]--[@CIT0009]

Objectives And Method {#S0002}
=====================

The aim of this work is to analyze the clinical features of the patients treated with APD as well as the applied treatment strategies in our clinic during a 6-year period, with particular emphasis regarding the data of patients recommended for DAT. In our retrospective study, we analyzed the data of 311 patients with advanced Parkinson's disease, diagnosed according to the UK Brain Bank Criteria, who were examined and followed-up at our clinic between 1 June 2011 and 31 May 2017. The levodopa-carbidopa intestinal gel (LCIG) therapy became available in Romania starting from 2009; the apomorphine pump infusion is not available and DBS has been performed only in a handful of cases due to national financial limitations. Our Neurology Clinic in Târgu Mureș organized in May 2011 an interdisciplinary working group (neurologist, psychiatrist, gastroenterologist, anesthesiologist, nurse with special expertise in PD device-aided therapies) in order to evaluate the suitability for DAT and successfully introduce LCIG therapy. During the 6-year period covered by this analysis, we followed all APD patients still responding to LD who reported at least 2 hrs/day off periods (with ≥2 off episodes/day, except early morning akinesia), with or without dyskinesias, who were on ≥3 stage on Hoehn and Yahr scale during *on* periods and received LD at least four times daily, in some combination with dopamine agonist (DA), monoamine oxidase B inhibitor (MAO-Bi), catechol-O-methyl transferase inhibitor (COMTi), and/or amantadine. The candidate patients were referred by the neurologists who have been following the case, then our multidisciplinary expert team selected the APD patients who meet the criteria mentioned above. We analyzed the profile of motor complications, the specifics, and limitations of dopaminergic therapy, and, of course, the patients' suitability for DAT. Suitable patients considered for DAT were presented with data regarding the availability of different DATs in Romania.

In our clinic, APD patients underwent a two-step evaluation in order to assess the suitability for device-aided therapy. During the first examination (screening visit), after a detailed medical and clinical examination, review of the final reports and medical letters, and after proper preparation (if necessary/often with relatives, demonstration videos, etc), the patient completes a diary (every 30 mins) based on which at least one transition from on to off state (or vice versa) can be confirmed. Both the patient and the caregiver were informed in detail on further therapeutic options and the available DAT alternatives. Patients then received three 24 hr logs that had to be completed 3 days prior to the next examination.

Statistical analysis was conducted between patient groups using either one-way ANOVA, *t*-test or Fisher's exact test. Values are presented as mean±SD, unless otherwise specified.

Results {#S0003}
=======

Of the 311 patients enrolled initially, only 286 patients showed up for the second (baseline) visit. Only the data of these patients are presented in [Table 1](#T0001){ref-type="table"}. Of these, we assessed that in 125 cases DAT alternatives would be necessary (motor fluctuations and/or dyskinesias with a major impact on the quality of life, severe side effects during earlier attempts to increase dopaminergic medication, important burden of caregiver). In the end, 107 patients were tested in our clinic to confirm the efficacy of LCIG. Nevertheless, the data of the 161 patients deemed not to have reached the limits of conservative therapy are also presented in the table. The flowchart of clinical decision-making is shown in [Figure 1](#F0001){ref-type="fig"}.Table 1Characterization Of Patients With APDFully Evaluated APD Patients N=286Suitable For DAT n=125Conservative Treatment (CONS) n=161p (DAT vs CONS)Male (n, %)147 (51.4%)65 (52%)82 (51%)nsAverage age (years±SD) All patients69.1±9.065.1±8.872.1±8.0\<0.0001 Male68.3±9.565.0±9.571.0±8.7\<0.0001 Female69.9±8.565.5±8.273.2±7.1\<0.0001Time since PD diagnosis (average±SD)9.1±3.811.1±4.37.6±2.3\<0.0001MMSE (average±SD)25.00±2.724.99±2.325.01±3.0nsHoehn--Yahr Scale On state (average±SD)3.19±0.43.34±0.53.07±0.3\<0.0001 Off state (average±SD)4.26±0.44.5±0.54.1±0.3\<0.0001Average off duration (hours, average±SD)3.62±1.34.7±1.12.8±0.8\<0.0001Off duration (years, average±SD)4.0±2.75.8±2.82.6±1.4\<0.0001Dyskinesia (n)1108327\<0.0001 Duration (hours, average±SD)2.7±0.93.0±0.81.8±0.6\<0.0001 Duration (years, average±SD)3.5±2.24.1±2.21.7±1.0\<0.0001Dystonia (n)27234\<0.0001 Duration (hours, average±SD)1.5±0.71.5±0.71.4±0.5ns Duration (years, average±SD)2.3±1.42.5±1.41.25±0.5p=0.04Early morning akinesia (n)18811870\<0.0001 Duration (years, average±SD)2.31±1.52.8±1.71.6±0.8\<0.0001Freezing (n)938013\<0.0001 Duration (hours, average±SD)2.0±0.92.0±0.91.7±0.9nsLevodopa Average dose (mg/day)680.9±207.4753.8±240.4624.2±156.3\<0.0001 Median dose (mg/day)600750600 Daily dosage frequency (mean±SEM)45.0±0.094.1±0.02\<0.0001Combined treatment (n/N, %) DAs215/286 (75%)99/125 (79%)116/161 (72%)p=0.17 MAO-Bi181/286 (63%)85/125 (68%)96/161 (60%)p=0.17 Amantadine54/286 (19%)42/125 (34%)12/161 (7%)\<0.0001 Entacapone164/286 (57%)87/125 (70%)77/161 (48%)\<0.001[^2]

Of the 107 patients that were initially tested eventually, 89 underwent PEG-J. Patients that did not receive PEG-J included 7 cases with lack of efficacy or minor improvement during titration period, 5 cases with psychotic episodes, 1 patient with a gastric tumor discovered during gastroscopy and 1 patient with severe cardiac arrhythmia during gastroscopy. In the remaining 4 cases, patients opted for temporization of LCIG treatment initiation despite a clearly improved clinical status during testing.

We did not find a significant difference in the Mini-Mental State Examination (MMSE) score between patients found suitable for DAT therapy and those who were treated conservatively. Figure 1Flowchart of clinical decision-making.

Discussion {#S0004}
==========

In APD, a series of motor and nonmotor complications reduce the quality of life and limit the therapeutic possibilities. Traditionally, the staging of the disease has mainly followed motor symptoms (topography and severity of motor signs). Similarly, the efficacy as well as the inefficiency of the different therapeutic options (including device-aided) were evaluated and interpreted based on motor symptoms. This relatively "simplistic" approach failed to comprehensively describe the multidimensional, complex and constantly changing spectrum of PD symptomatology (both motor and nonmotor). Furthermore, everyday clinical practice makes it clear that the disease has many manifestations/features that are difficult to evaluate accurately, to assess and incorporate into recommendations/clinical guidelines. The different forms/subtypes of PD have different profiles, evolve and have different prognoses (different evolution curves), with the possibility of a rapidly aggravating clinical picture. Ideally, the severity of the disease should be evaluated based on the subtypes of PD, as suggested by the literature.[@CIT0010] However, the more detailed discussion of this topic is beyond the scope of this article.

In principle, we consider a patient to have APD when the motor performance fluctuates depending on the rate of administration of the dopaminergic medication or even independently of it. Thus, the main stages of APD are: the patient already has postural reflex disorders (Hoehn and Yahr stage 3), the patient needs assistance for most activities (Hoehn and Yahr stage 4), and the patient is immobilized in bed (Hoehn and Yahr stage 5). According to many authors, APD starts from the onset of motor complications.[@CIT0006] Nevertheless, during the further progression of the disease, motor complications' importance may fade, especially with the onset of nonmotor symptoms (dementia, psychosis, falls, etc), which significantly impair the patient's and caregiver's quality of life. This is the so-called late-stage Parkinson's disease (LSPD), which is usually reached by patients after an average disease evolution of 14 years.[@CIT0006],[@CIT0011] During LSPD, patients are often in need of constant care (at home or, where available, within an institutional setting).

The severity of motor complications is often assessed quite differently by the patient, family members, and, of course, by the attending physician. In general, the degree/severity of disability produced by PD should be considered, especially in the advanced phases. Disability refers to the limitation of the performance in carrying out activities reported to normal for the respective person, taking into account age, education, environment, and so on. From a practical point of view, however, we must accept that disability remains an "umbrella" concept, which can be very different from one patient to another. Even if the therapeutic strategy is continuously adapted to the patient's profile and considering that the limits of the classical therapies have been reached, it is difficult to specify when DAT can be initiated to achieve maximum benefits, since there is no unanimously accepted definition of APD.

There is a very limited amount of data regarding the characterization of APD patients with or without DAT recommendations.

Only 44% (125/286) of our patients with APD were deemed suitable for DAT, which is significantly lower than the ratio reported in the recently published OBSERVE PD observational study (66%).[@CIT0012] It must be noted, however, that although we assessed APD patients for all DATs, realistically only LCIG is available in Romania: apomorphine pump infusion is not available and DBS has very limited availability (in a single center and with an average of 5--6 cases/year due to nationwide financial limitations). Of the 125 patients considered for DAT, actually only 107 were offered LCIG the rest needed unavailable DATs (or refused DAT). As the physicians assessing patients knew beforehand about this limitation, their evaluation of APD patients might be skewed, which can be a factor that explains the lower percentage of patients considered suitable for DAT.

The gender ratio was quite balanced in our study, when compared to OBSERVE PD where 61% of patients were male. The average age in our study group was higher with 1.5 years when compared to OBSERVE PD; the DAT group was significantly younger than the conservatively treated group.

The duration since APD diagnosis was 2 years shorter in our group compared to OBSERVE PD, and there is a significant difference between the DAT and CONS groups.

The modified Hoehn and Yahr score measured during the *on* phase was higher in our APD patients than in the OBSERVE PD; this difference is present also separately in the DAT and CONS groups.

The duration of motor fluctuations in our APD patients, even in those considered suitable for DAT, was shorter than in patients from the OBSERVE PD study.

Despite many proven symptomatic therapies for PD in the recent decades, substitution therapy with LD formulations (the gold standard of therapy) is key for the best clinical improvement at all stages of PD. Despite decades of clinical experience, there is a lack of clear recommendations, both in early and late stages of the disease (dosage should be strictly individualized). A major disadvantage of long-term LD treatment is the appearance of motor fluctuations and dyskinesias that significantly impair the quality of life; the rate of complications exceeds 90% after a 10-year disease history.[@CIT0013]

The situation is further complicated by the fact that as the disease progresses, the therapeutic efficacy of levodopa is gradually narrowed and the side effects are more frequent. These disadvantages should be mitigated by drugs that prolong dopamine availability such as of third-generation monoamine oxidase type B inhibitors (MAO-Bi) and catechol-O-methyltransferase inhibitors (COMTi).[@CIT0014]--[@CIT0016] Clinical studies evaluating the efficacy of inhaled LD may bring new data into this context.[@CIT0017] It cannot be confirmed at this time whether the magnitude of the clinical benefit of these preparations (used mainly in patients with moderate PD severity) is fully reproduced in APD. However, their value may be increasingly appreciated by the patients who will not accept DAT. Unfortunately, safinamide and opicapone are not available in Romania, nor is tolcapone, extended-release amantadine, or subcutaneous apomorphine injection for rapid relief of off episodes.[@CIT0018] Under these circumstances, as a logical consequence of the significantly limited therapeutical options available for clinicians to treat APD, the selected patients may start available device-aided therapies in an earlier disease stage than suggested by worldwide current clinical practice.

The exact delineation of APD and LSPD as well as the use of optimal therapy is often challenging even for movement disorder specialists. In many cases, we can only rely on expert opinions; nevertheless, changes to the treatment recommendations may be expected in the near future.[@CIT0002]--[@CIT0005],[@CIT0012] At this stage, due to frequent side effects, the attending physician may be forced to reduce the dosage of dopaminergic agents. In these cases, the dilemma is whether the impairment of motor performance can be attributable to disease progression (and the consequent decline of levodopa responsiveness) or dose reduction.[@CIT0002] Therefore, we believe that it is practical to know the exact limits of LD therapy. Experience has shown that publications based on the market share of individual antiparkinsonian drugs and various budgetary parameters (which are often difficult to interpret for clinicians anyway) are in best case indicative in nature.[@CIT0019]--[@CIT0021]

There is probably a permanent dilemma between the natural tendency even retention (both from the patient's and of the attending physician's perspective) to delay the moment of the initiation of an invasive therapy (DAT) and the observation which is more and more outlined in the literature in the last years that the clinical benefits obtained with DAT are superior in patients with shorter disease duration.[@CIT0022] In other words, there is the possibility that in the case of "delayed" initiation, some of the benefits of an "on time" initiation may be lost. In this context, the characterization of the limits of conservative treatment strategies is of uppermost importance.

The body of scientific evidence regarding the daily/real-life clinical practice upper limits of LD dosage (full daily dose or dosing frequency) in APD is scant; furthermore, the influence on the dosage of LD brought on by the availability of DAT is not described properly. Even in reviews, there is no clear reference to the LD doses used; only the duration of treatment and the characteristics of each drug combination are presented.[@CIT0023] A further difficulty is that in many publications there are dose adjustments (levodopa equivalent dose -- LED and levodopa equivalent daily dose -- LEDD), from which it is sometimes difficult to infer LD doses.[@CIT0024],[@CIT0025]

In previous publications, prior to the introduction of various DAT, mean LD doses in APD ranged from 884 to 1077 mg[@CIT0026]--[@CIT0032] and 1152 and 1485 mg (LEDD), respectively.[@CIT0033],[@CIT0034] The LD doses that we report in this study are at the lower end of the range, but there are several explanations for this. First, we must emphasize that the LD/benserazide (200 mg/50 mg) combination disappeared from the Romanian drug market in the second half of the analyzed period, and the forced conversion to the remaining LD/carbidopa (250 mg/25 mg) preparations was in many cases difficult or impossible. Second, analysis of concomitant combination therapy reveals that in the whole study group but more evident in the patients deemed suitable for DAT the add-on therapy' prevalence was the highest compared to literature (DA 79%, MAO-Bi 68% and COMTi 70%).

In a previous publication,[@CIT0008] we analyzed the average doses of LD used in different stages of intermediate/advanced PD (different selection parameters: duration of disease, presence of motor and non-motor fluctuations) described in the literature and found that doses varied between 511.4±200.1 mg/day and 910±384 mg/day (the latter considered as LEDD).[@CIT0035]--[@CIT0038]

In our study, the average LD doses of APD patients recommended for conservative therapy can be considered low. Nevertheless, in 42 of the 161 patients, an increase in the dose of LD was considered. This means that in about three-quarters of these patients, we assessed that a further increase is not possible due to various reasons: previous failure of LD dosage increase, side effects, possibility/risk of worsening dyskinesia, intolerance and/or depletion of amantadine efficiency, and so on.

Although the proportion of add-on therapies, especially DA usage, was higher than what was already reported in literature, further combination therapy was used to obtain improvement in conservatively treated patients (in 29 cases DA introduction, in 41 cases increase od DA dosage); in a further 49 cases, the treatment was completed with amantadine, rasagiline, and/or entacapone.[@CIT0009]

Expert recommendations suggest that if the patient presents at least 2 hrs off periods and/or 1 hr of severe/troublesome dyskinesia, despite the administration of at least 5 doses of LD and with optimized oral/transdermal therapy, DAT should be taken into consideration.[@CIT0001],[@CIT0004],[@CIT0005] These characteristics were present in patients with APD (and potentially eligible for DAT) in the OBSERVE-PD study.[@CIT0012] However, in clinical practice, the duration and severity of the motor complications at the time of the decision for DAT may be even worse. In our study, the patients that we considered not to have exhausted the limits of conservative treatment had on average 2.8±0.8 hrs off periods, whereas those considered eligible for DAT had 4.7±1.1 hrs off (with an average of 3.62±1.3 hrs for the whole group of completely evaluated patients). Data published earlier showed even higher values (GLORIA register 6 hrs, Băjenaru et al 7.5 hrs).[@CIT0027],[@CIT0029] A similar trend is observed in the case of dyskinesias (see [Table 1](#T0001){ref-type="table"}).

Regarding LD dosage, data from our previously published study suggest that approximately one-third of the patients considered for DAT had 4 doses/day, about one-third of them 5 doses/day, and the last 1/3 of patients had 6 or more doses/day.[@CIT0008] We wish to highlight that despite the experts' recommendations, the daily practice has shown that an increase of dosage to more than 4/day can lead in many patients to a decrease in compliance (a phenomenon accentuated by the lack of a maximally involved caregiver or in case of institutionalization). On the other hand, there are cases where the increase of the dosage frequency does not significantly improve the symptoms and implicitly the quality of life of the patients or the increase of the doses is limited (it can be done only with the price of important side effects). We would like to emphasize that the majority of patients considered suitable for DAT presented early morning akinesia (118 out of 125) compared to "only" 70 of the 161 who continued with conservative treatment. Also, the incidence of the freezing phenomenon was significantly higher in the group considered suitable for DAT compared to the patients in whom we considered that the symptoms can be improved with oral/transdermal treatment.

In many cases, the management of PD can be done only through a multidisciplinary approach. This, however, is compulsory in APD or LSPD (a complex, multiphase, protracted process that is a constant challenge for physicians).[@CIT0003],[@CIT0039],[@CIT0040] Reduction in therapeutic adherence is a common observation at this stage. Insufficient cooperation leads to a further deterioration of the clinical condition of patients and consequently to the quality of life of both patients and their relatives.[@CIT0041]--[@CIT0043] The fact that a significant proportion of patients are in need of institutional care further increases health-care costs.[@CIT0002] Timely device-aided therapeutical approaches can be a major breakthrough in the quality of life of many APD patients and may prolong the period during which the patient can be cared for within the confines of a family home. An indispensable element of this "situational recognition" is the assessment of the upper limits of the LD doses (still the basis for the medication of PD at all times).

We consider our study sample representative. We want to emphasize that in Romania the suitability of DAT for APD can only be assessed in a university teaching hospital setting. From our previous publications, it appears that the therapeutic strategies that we use are similar to those in the literature.[@CIT0044],[@CIT0045] Therefore, we believe that our analysis, based on the well-documented large number of patients from our clinic, over 6 years, faithfully reflects not only the Romanian, but maybe the Central-Eastern European therapeutic trends regarding APD care (LD therapeutic doses, limitations, opportunities, etc) and highlights the need for proper and timely assessment of DAT suitability.

Among the strengths of our study, we mention the accurate documentation, complex assessment, and analysis of motor complications. However, the retrospective method itself has its limitations. Also, this study only includes patients that were referred to the clinic by physicians. Furthermore, the fact that in Romania a number of well-established LD preparations and adjunctive therapies that are well suited to the treatment of APD are not available as well as the fact that in our region the only available DAT is LCIG can significantly influence the clinician's decision-making.

Conclusion {#S0005}
==========

Patients with APD can have a variety of symptoms, and because symptoms and therapeutical efficacy can be manifested in many different combinations, it is not possible to decide using a single, rigid set of criteria which APD patient is eligible for DAT. According to our data, patients with APD received lower and fewer LD doses. Nevertheless, the use of additional therapies was more prevalent when compared to literature. The authors consider that referral of APD patients by the treating physicians (neurologists, general practitioners) to a specialized movement disorder center with a multidisciplinary approach should be considered when the average daily dose of LD is at least 750--1000 mg, administered at least 5 times daily or, in justified cases even 4 times/day (poor compliance, severe burden of caregiver, limited availability of add-on therapeutical options, severe forms with rapid clinical progression), if motor complications (daily minimum 2 hrs off periods and/or more than 1 hr troublesome dyskinesia), that significantly reduce the quality of life despite maximal complementary therapies, persist.
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